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* Purpose:
 To statistically characterize GOES cloud
property retrievals (VISST/CERES
algorithm, Minnis et el., 2008, 2011) of
low-level water clouds over land vs. ARM
ground-based observations and
retrievals during a 8-yr period.

* Motivation:
* As new versions are released, products
need to be re-evaluated
» Stratocumulus over land are
understudied compared to marine
stratocumulus




Data and Results
.GOES VISST Pixel level (4km x 4km) available

on ARM data archive (every half hour)
.DOE ARM SGP surface data (every 5 min.)
.6/1998 — 12/2006

11D s,

Satellite Position Period Version

GOES 8 East 05/01/1998 — 12/31/1998 2.1
01/01/1999 — 12/31/1999 2.1
01/01/2000 — 03/30/2003 3

GOES 10  West 04/01/2003 — 08/31/2005 3

09/01/2005 — 06/20/2006 2.1
GOES 11  West 06/21/2006 — 12/31/2006 3
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Data Processing

* Collocation:
 GOES data spatially averaged within 0.3°x0.3° box
centered on the ARM SGP site (~ 36.6N, 97.5W)
 ARM data temporally averaged +15 min of GOES scan
(no overlap)
* Data Filters (to allow only low-level water clouds):
* Solar Zenith Angle < 78°
* |dentified by MMCR as low-level clouds (top < 3 km)
* ARM cloud base temp. > 250K
* GOES cloud fraction =1
* ARM H,, values within 500m (for each GOES scan)
* For each GOES box
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Cloud Temp. and Height
Comparisons

a) Monthly means
b) Hourly means



Temperature (K)

Slnversion

Daytime Low-Level Cloud Temperature at the ARM SGP Site
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SGP Site
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Daytime Low-Level Cloud Temperature at the ARM SGP Site
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Daytime Low-Level Cloud Temperature at the ARM SGP Site

295

ARM H,,, and H, .., increase slightly throug
Day due to PBL _heats up _
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GOES H_; peaks around local noon — error{-

due to being anchored to surface temp T
Heff= [Tsfc'Teff]/ I

This has been changed in newer versions .
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Daytime Cloud Temperature
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T ¢ cold bias seen in scatter density (not

unexpected due to nature of T (GOES) vs T
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(ARM)), however it is colder than seen in over-
ocean studies e.g. Xi et al., [2014] and Painemal
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Daytime Cloud Temperature

Daytime Cloud Height
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H.+ (GOES) and H,,, (ARM) not correlated
(R? = 0.053) for two reasons:
- Heff (GOES) and H

top (ARM) are
fundamentally different quantities

- As mentioned, error in H_4 algorithm due
to surface temp. dependency
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Part Il
Cloud Microphysics Comparisons

a) Monthly means
b) Hourly means



Daytime Low-level Cloud Microphysical Properties at the ARM SGP Site

GOES r, (mean = 10.5 pm) Is consistently
hlgher than ARM r_, (mean 8.9 ym)
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GOES 1 and LWP follow the pattern of ARM
fairly well




Effective Radius (um)
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T and WP similr, though ess proned,
patterns as r, — relatively constant
throughout the day (12 UTC has a very low

sample size) and peaking towards sunset
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Dependency of microphysical retrievals on SZA

All three GOES parameters increase with
increasing SZA, but satellites from 2
different |
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Dependency on Scattering Angle (SCA)

MISR camera {x 9)

The scattering angle is the
angle between the sun's
direction and the viewing
direction.

92% GOES data at SCA >90°

Sun Camera

Scattering
angle
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Conclusions

T (GOES) and T,,, (ARM) well correlated (R? =
0.82), but T cold bias is colder than seen in
over-ocean, due to evaporation and LW cooling
of droplets at cloud top.

H . (GOES) and H,,, (ARM) not correlated (R? =
0.053), due to H_ algorithm depending on
surface temp.

LWP (R2 = 0.51 ) and t (R2 = 0.55) well
correlated, with a moderate amount of scatter
and GOES LWP has a high bias.

When SCA<90° and SZA>65°, GOES r_ is
overestimated but T is underestimated.
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Winter Spring Summer Fall Annual
Mean  Std. Mean  Std. Mean  Std. Mean  Std. Mean  Std.

Cloud Base Height (km) ARM 0% 039 1.17  0.44 1.14 049 1.00 0.46 1.07 045 I
Cloud Top Height (km) ARM 153 055 1.94  0.56 1.97  0.54 172 0.61 1.80  0.59
Cloud Eff. Height (km) GOES 149 0.72 1.80  0.68 1.37  0.68 1.49  0.58 1.62  0.64
GOES Her- ARM Hyp, (km) 003 080  -0.14 077  -0.62 0.58 023 0.75 -0.19 077
Cloud Base Temp. (K) ARM 2708 6.5 2804 7.0 2893 27 2814 6.2 279.5 8.1
Cloud Top Temp. (K) ARM 2714 6.8 2790 6.7 280.5 29 2809 6.4 278.6 7.6
Cloud Eff. Temp. (K) GOES  268.1 5.7 2712 6.6 2845 47 2785 6.5 276.3 1.7
ARM Ty, - GOES Teg (K) 3439 -7 3.2 -19 35 2329 22 33
Effective Radus (r; pm) ARM 81 3.0 9.1 2.9 89 3.6 9.1 3.9 89 33
GOES 108 26 104 33 10.6 3.8 10.5 27 10.5 28
GOES r - ARM 1, (um) 26 29 1.3 3.5 1.8 45 14 35 1.6 35
Cloud Optical Depth ARM 256 165 28.0 19.0 292 201 20.6 187 28.1  18.59
GOES 299  28.0 252 217 23.0 214 335 313 282 21.87
GOES1- ARM 1 44 122 32 131 5.9 0 126 5.0 173 02 1476
LWP (g m'2) ARM 1568 2573 17577 2084 1682 1514 1878 2148 1745 216.6

GOES 2138 2264 1645 1567 1540 1628  231.8 2356 1919 167.7
GOESLWP-ARMLWP(gm’z) 6l.6 2099 -122 1608 -11.8§ 1126 511 18.5 190 1782




January February March April May June
Mean Std.  Mean Std ~ Mean Std.  Mean Std  Mean Std  Mean Std.
Cloud Base Height (km) ARM 072 023 102 043 114 043 120 047 118 043 123 053 I
Cloud Top Height (km) ARM 137 04 157 059 177 051 212 052 205 057 209 048
Cloud Eff. Height (km) GOES 135 063 151 070 1.8 069 177 066 173 068 153 0.68
GOES Heg- ARM Hyyp (km) 002 060 -004 078 008 070 033 076 -032 079 058 057
Cloud Base Temp. (K) ARM 2715 54 2104 63 2762 63 2820 59 2854 47 2886 27
Cloud Top Temp. (K) ARM 2725 55 2103 72 2753 66 2803 51 2834 45 2857 28
Cloud Eff. Temp. (K) GOES 2092 49 2672 51 2734 57 2187 59 219 46 2834 51
GOES Ter- ARM Ty, (K) 350027 33 5l 1.7 025 1.7 32 1.6 40 23 36
Effective Radius (re; um) ARM 83 31 76 27 91 34 93 25 89 25 92 36
GOES 117 25 103 23 101 26 103 35 1.0 40 103 31
GOES 1 - ARM T (pum) 34 30 28 29 L1 34 09 32 19 38 12 31
Cloud Optical Depth ARM 295 149 227 181 263 166 276 198 310 213 313 221
GOES 329 258 276 283 264 224 253 240 230 181 242 216
GOES1-ARM 1 3195 49 134  -06 127 30 130 -74 130 713 141
LWP (g m.z) ARM 2049 389.3 1292 1843 1874 2722 1667 151.7 1657 120.7 1815 1527
GOES 2587 2313 1908 220.1 171.9 1616  159.7 16l.6 1568 1433  161.7 1721
GOES LWP - ARM LWP (g m.z) 56 3096 657 1634  -144 2155 -133 1202 <77 673 2209 1061




July August September October November December
Mean Std.  Mean Std.  Mean Std.  Mean Std.  Mean Std.  Mean  Std.
ICloud Base Height (km) ARM 086 028 133 043 0% 030 09 04  L12 057 104 038 I
Cloud Top Height (km) ARM 165 058 214 042 193 056 147 051 190 064 164 058
Cloud Eff. Height (km) GOES 091 037 163 068 124 05 145 047 173 063 163 078
ARM Hyp - GOES Heg (km) 075 055 -04 071 -069 076  -003 068 -017 067  -0.02 099
Cloud Base Temp. (K) ARM 2908 1.7 2892 31 2863 35 2812 54 27719 65 2107 79
Cloud Top Temp. (K) ARM 2886 26 2856 19 2864 39 2807 54 2768 59 2718 73
Cloud Eff. Temp. (K) GOES 2870 27 2850 40 2834 42 287 56 2144 62 283 69
GOES Teg- ARM T, (K) 1732 03 36 29 29 -18 28 0 24 29 35 30
Effectve Raduws (r; um) ARM 76 22 107 50 98 35 83 35 99 43 87 3l
GOES 112 54 103 24 104 21 103 25 109 32 103 27
GOES 1 - ARM r, (ym) 41 57 03 55 0.5 35 21 30 LI 38 L6 27
Cloud Optical Depth ARM 279 179 210 97 32 219 241 121 319 214 256 147
GOES 223 235 180 119 405 336 262 248 383 352 300 295
GOES7- ARM1 39 102 33 74 33 1718 39 161 76 185 49 131
LWP (g m'2) ARM 1355 1200 1724 2047 2285 1651 1295 1014 2376 3130 1428 1219

GOES 1526 1643 1141 754 2134 2470 18L6 1957 2698 2629 198 2235
GOES LWP - ARM LWP (gm'Z) 303 695 605 187.0 421 1020 636 164 405 2802 634 110.2|




12 13 14 15 16 17 |
Mean Std.  Mean Std  Mean Std.  Mean Std  Mean Std. Mean  Std. |

Cloud Base Height (km) ARM 08 021 103 042 102 044 091 040 09 040 101 040

Cloud Top Height (km) ARM 18 079 18 065 175 05 161 062 166 060 176 059
Cloud Eff, Height (km) GOES 066 031 093 046 109 058 12 061 158 065 180 06l
GOES Heff - ARM Hyyp (km) 118 097 097 071 065 066 039 075 008 074 003 076
Cloud Base Temp. (K) ARM 2885 50 2842 63 2807 82 2582 88 2197 83 2194 80
Cloud Top Temp. (K) ARM 2852 27 281 59 297 79 286 16  2M0 15 288 75
Cloud EfF, Temp. (K) GOES 2837 54 286 67 2167 80 252 80 264 719 2065 77
GOES Teg - ARM Ty (K) A5 37 32 32 30 42 34 49 25 31 21 28
Effective Radius (r; um) ARM 86 24 100 51 91 36 88 32 88 33 86 30

GOES 260 44 151 61 117 39 105 22 106 22 101 22
GOES 1, - ARM . (m) 84 41 54 70 27 37 17 32 18 31 15 26
Cloud Optical Depth ARM 171 67 324 188 300 145 300 148 30 173 302 197

GOES 31 21 259 314 281 281 303 272 280 28 273 231
GOES 7- ARM 1 17557 37 M8 03 168 32 121 07 114 09 126
LWP (g ) ARM 842 779 2013 2035 1682 1189 1606 1261 1614 1406 1817 275.1

GOES 543 402 2133 2493 2091 2290 2089 2000 1944 1765 1791 1721
GOES LWP - ARM LWP (gm) 25440 141 1490 470 1377 465 8.0 319 B4 31 237




18 19 2 21 ) PA) p .
Mean Std.  Mean Std  Mean Std  Mean Std  Mean Std  Mean St Mean  Std, .

ICloud Base Height (km) ARM 108 044 113 042 120 049 120 047 131 05 130 05 108 009
Cloud Top Height (km) ARM 18 05 18 057 19 058 191 058 194 055 207 051 1% 06l
Cloud Eff. Height (km) GOES 194 058 198 059 18 062 173 060 149 058 128 053 067 008
GOES Heff - ARM Hyp (km) 013 070 0l 06/ 011 071 019 066 -046 058 -0.79 052 -128 054
Cloud Base Temp. (K) ARM 2786 79 291 79 289 83 27719 17 290 15  WLT 15 Wod 4l
Cloud Top Temp. (K) ARM 2780 76 2781 78 274 82 267 14 279 14 W04 57 2830 03
Cloud Eff. Temp. (K) GOES 2763 74 2763 78 258 19 250 713 257 73 282 67 2805 03
GOES Teg - ARM Ty, (K) 170033 1729 -6 300 17 26 21 24 21 27 26 03

Effective Radus (r; im) ARM 86 29 86 23 89 28 89 29 95 44 96 44 123 57
GOES 95 19 95 19 99 24 95 22 106 22 17 34 186 30

GOESt. - ARM 1, (pm) 09 25 09 24 09 27 07 28 12 45 20 37 64 62
Cloud Optical Depth ARM 297 190 334 251 316 193 348 B1 322 W3 BT U5 60 19
GOES 245 207 247 22 296 267 310 20 34 360 340 3B5 4Bo6 732
GOES - ARM 1 32 87 42 148 03 112 26 11 99 K54 51 158 126 197
LWP (g m.z) ARM 1675 2418 1501 1311 2101 3472 1734 1488 1803 1774 297 3797 2835 1446

GOES 1525 1459 1525 1525 19%3 2039 2001 193 2548 2738 2545 2805 3625 4093
GOESLWP - ARMLWP (gm'2) 136 1897 32 &9 77 648 308 1137 791 2050 203 3250 2190 721




